Introduction
The intriguing relationship between sexual selection and speciation has sparked an increasing number of papers in recent years that have attempted to draw connections between the two processes. These include a myriad of theoretical and empirical studies, as well as several influential reviews (e.g. Price, 1998; Panhuis et al., 2001, Kirkpatrick and Ravigné, 2002; Ritchie, 2007; Maan and Seehausen, 2011) . In particular, many researchers have speculated on whether sexual selection can lead to speciation, either alone, or in conjunction with ecological processes. Such speculation is tempting in part because of the obvious differences in secondary sexual characters that often exist between closely related species. Indeed one of the earliest and most influential of all sexual selection models, Lande's (1981) paper "Models of speciation by sexual selection on a polygenic trait" centered its title on the role that sexual selection may play in speciation.
What, however, is the evidence of a causal relationship between sexual selection and speciation? It turns out to be surprisingly ambiguous. Many have attempted to address a relationship by comparative studies, a process that can be problematic because of both methodological concerns and the fact that the presence of sexual selection is inferred by proxy (Kraaijeveld et al., 2011) . Kraaijeveld et al. (2011) point out that these studies only sometimes support a correlation between sexual selection and speciation, and using a meta-analysis find only weak support for a relationship across multiple datasets. A large number of individual experimental studies have also examined various aspects of the intersection of sexual selection and speciation, but it is often unclear what would constitute a true test of the role of sexual selection in speciation, and unambiguous tests of this role are essentially absent (large scale literature analysis by Safran, Mendelson, Scordato and Symes, unpublished data) . In particular, the relative roles of ecological factors and sexual selection often appear very intertwined and difficult to tease apart (case studies reviewed in Ritchie, 2007; Maan and Seehausen, 2011) . Some studies have attempted to assess whether there is a difference between mate choice and species recognition (e.g. Kozak et al., 2009 ), but these have also found mixed results.
Theoretical studies, which focus on the case of speciation with gene flow in particular, have also demonstrated a very mixed relationship between sexual selection and speciation. Many studies examining the evolution of premating isolation couch the language in terms of sexual selection, simply assuming that species recognition and sexual selection are one and the same in this regard. While this is strictly accurate by the definition of sexual selection as differential mating success, it does not address the spirit of the question of whether sexual selection processes within a species are ultimately responsible for speciation. Several theoretical studies have focused on whether sexual selection alone could account for sympatric speciation, but the general conclusion is that this is unlikely (e.g., van Doorn et al., 2004) . Intriguingly, the theoretical literature has also in recent years developed an idea largely absent from the empirical literature, namely that the role of sexual selection in speciation with gene flow may often be inhibitory rather than driving (see discussion in Servedio and Kopp, 2012, this issue) . Specifically, sexual selection may often eliminate variation necessary for speciation (e.g., Kirkpatrick and Nuismer, 2004) , or lead to stabilizing selection that can counter divergent ecological selection to prevent speciation with gene flow (e.g., Matessi et al., 2001; Otto et al., 2008; Pennings et al., 2008) .
Contributions to This Issue
The articles in this column gather a fresh perspective on the role of sexual selection and speciation, from a variety of different angles. Interestingly, the bulk of the evidence from this column does not support a strong driving role for sexual selection in speciation, although a supportive role is provided by some of the studies. The papers in this collection also highlight some of the many difficulties inherent in addressing what the role of sexual selection in speciation may be.
Two of the papers in this column find a lack of support for a correlation between sexual dimorphism, often used as a proxy for sexual selection, and reproductive isolation. In the first of these, Macías Garcia et al (2012) find that although exaggerated male fins in the Mexican freshwater fish Girardinichthys multiradiatus are preferred by females and evolve more quickly than female morphology, the amount of sexual dimorphism is negatively, not positively, correlated with assortative mating in laboratory tests. In a comparative study, Pfennig and Hurlbert (2012) examine the relationship between sexually dimorphic traits, presumably used in mate attraction, and the number of congeners found to coexist geographically. They find no relationship between the two in the majority of the bird families examined, suggesting that the number of sexually dimorphic traits may not reflect the ability of species to become or remain reproductively isolated when in contact with closely related species. Among other explanations, this result could indicate either that sexual selection does not strongly promote speciation in these groups, or that sexual dimorphism of the traits examined is not a sufficient proxy for sexual selection in these taxa (although dichromatic characters, which form the bulk of those used in this study, were found to have the largest effect size in Kraaijeveld et al. 2011) .
A third study also does not support an association between sexual selection and speciation. Rolán- Alvarez et al. (2012) find that shell color in the marine intertidal snail Littorina fabalis is under sexual selection, but serves as the basis of consistent disassortative, not assortative, mating. In this instance, therefore, the sexually selected trait would tend to cause population cohesion, rather than divergence.
In contrast, evidence consistent with a correlation between sexual selection and speciation is also present in several of the studies in the column. Safran et al (2012) , in a paper that introduces a new phenotypic distance measure with which to address such questions, find that among closely related populations, traits involved in reproduction are more divergent (and more sexually dimorphic) than traits known to be involved in ecological adaptations. Two of the families analyzed in the study by Pfennig and Hurlbert (2012) also demonstrate a correlation between sexual dimorphism and species richness. Finally, in a study more closely focused on one species, Grace and Shaw (2012) show that female Hawaiian crickets Laupaula cerasina are capable of discriminating very fine differences in pulse rate, on the order of the differences that males of these same populations show in the pulse rates of their song. Furthermore they find that the mean pulse rate preferred by females shows a tight correlation with the mean pulse rate sung in each population by males, and both preference and trait are heritable. These lines of evidence suggest that the small differences in song found between populations may serve as the basis of reproductive isolation, generated by sexual selection, between them.
Two of the studies in the column tackle the interesting question of the relationship between sexual selection within a population and processes that discriminate between species. Pauers and McKinnon (2012) , find that females may shift the cues that they use to discriminate between males depending on whether the context is within or between populations. Specifically, using populations of the fish Labeotropheus fuelleborni, they show that while females of a given population seem to use consistent rules for color preferences when comparing males from within a single population (either from the female's population or from a different population), they deviate from this rule when asked to discriminate between two very different males, one from each population. Bolnick and Kirkpatrick (2012) instead ask whether the strength of assortative mating within species for a single trait can be extrapolated to account for levels of reproductive isolation between species, given the difference between them in this same trait. They find that such levels of assortative mating are not sufficient to account for isolation. This implies either that females (or males) indeed use different traits to discriminate within and between species, or that discrimination is based on a multivariate assortment of traits.
The column ends with two syntheses. In an interesting twist to the topic, Qvarnström et al. (2012) point out that although current work on sexual selection and speciation almost universally focuses on sexual selection generated by female choice, there are likely to be a number of interesting ways in which male contest competition may promote speciation, including by generating disruptive selection and speeding adaptation in isolated or partially isolated populations. This review provides fodder for a shift to a novel focus in analyses of the ways in which sexual selection and speciation can be related. Finally, in an opinion piece, Servedio and Kopp (2012) suggest that a classification based upon "magic traits" may provide a way to answer the question of how often sexual selection is involved in speci-ation with gene flow. While presenting a framework for future analyses, they speculate on whether sexual selection is likely to be a driving force in each of their categories, and come to the overall conclusion that its role may be more limited than previously suggested.
The diverse contributions to this column support the suggestion that there is still much work to be done to determine whether sexual selection is very likely to play a causal role in speciation, especially when there is gene flow between incipient species. In many cases the evidence in fact does not support this, which leaves open the interesting idea derived from theoretical studies that sexual selection may sometimes inhibit the speciation process.
